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THE  EFFECTS  OF  ADJUVANTS  UPON 


THE  EXPERIMENTAL  LESIONS  OF  HYPERSENSITIVITY 

Introduction 

It  is  known  that  following  the  injection  of 
large  amounts  of  horse  serum  into  rabbits  these 
animals  develop  characteristic  lesions  in  the 
blood  vessels  throughout  the  body.  Subsequently 
it  was  discovered  that  certain  chemical  and 
hormonal  substances  could  alter  the  frequency  of 
appearance  of  these  experimental  lesions  of  hyper¬ 
sensitivity.  The  purpose  of  this  report  is  to 
discuss  the  results  of  experiments  using  adjuvants 
to  alter  the  frequency  of  appearance  of  the  lesions 
of  hypersensitivity  and  to  describe  the  frequency 
of  appearance  and  morphological  characteristics  of 
the  lesions  of  hypersensitivity  in  rabbits  treated 
with  ascorbic  acid  and  a  commercial  hyaluronidase 
preparation. 
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Review  of  Pertinent  Literature 


The  etiology  of  periarteritis  nodosa  has 
been  the  subject  of  much  speculation  for  many 
years.  The  various  causes  that  have  been  con¬ 
sidered  are  syphilis,  a  filterable  virus,  a 
variety  of  different  infections,  a  single  in¬ 
fectious  agent,  "toxic  injury",  and  disease  of 
the  central  nervous  system. 

In  1925  Gruber  made  the  suggestion  that 
periarteritis  nodosa  might  be  due  to  a  hyper¬ 
sensitivity  reaction.  In  191-1-2,  Rich,  following 
many  others,  reported  a  series  of  patients  in 
which  the  lesions  of  periarteritis  nodosa  were 
found  at  autopsy  -  patients  who  had  recently  had 
serum  sickness  or  hypersensitivity  reactions  to 
sulfonamides. 

In  view  of  his  observations.  Rich  decided 
to  determine  the  effect  of  foreign  serum  upon 
rabbits.  ^*^,3)  injected  albino  rabbits  with 

lOcc./Kg.  of  horse  serum  intravenously.  On  the 
seventeenth  day  following  the  first  injection, 
the  rabbits  received  lee.  of  the  horse  serum 
intravenously  as  a  desensitizing  dose  to  prevent 
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death  from  anaphylactic  shock*  On  the  nineteenth  day 
the  rabbits  received  a  second  injection  of  lOcc./Kg. 
of  horse  serum*  The  animals  were  sacrificed  on  the 
twenty- sixth  day  of  the  experiment. 

Most  of  the  animals  showed  the  typical  lesions 
of  periarteritis  nodosa  in  the  blood  vessels  of  the 
heart,  lung,  liver,  testis,  pancreas,  and  kidney. 
Rich  had  experimentally  produced  a  disease  that 
morphologically  at  least,  resembled  periarteritis 
nodosa. 

Out  of  this  work  there  came  another  interesting 
concept.  Rich,  along  with  other  workers,  had  felt 
that  several  doses  of  antigen  were  necessary  to 
produce  the  lesions  that  were  observed.  This  was 
the  rational  for  giving  two  large  doses  of  antigen, 
the  lcc.  dose  being  a  desensitizing  dose  to  reduce 
the  loss  of  animals  due  to  anaphylactic  shock 
and  right  heart  failure.  However,  in  the  course  of 
Rich’s  experiment  2  of  the  animals  succumbed  to  the 
lcc*  desensitizing  dose,  and  at  autopsy  they  had 
severe  lesions  of  periarteritis  in  spite  of  the  fact 
that  they  had  received  only  one  large  dose  of  horse 
serum.  Rich’s  explanation  of  this  phenomenon  is  that 
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when  an  initial  large  dose  of  antigen  is  administered 
an  abundance  of  antigen  is  present  in  the  body  during 
the  period  in  which  the  antibody  titer  rises,  and  the 
opportunity  for  the  interaction  of  antibody  and 
antigen, which  probably  is  important  in  producing 
lesions,  is  prolonged. 

Following  this  demonstration  that  one  could 
produce  lesions  in  the  blood  vessels  of  animals 
following  the  introduction  of  horse  serum,  the  next 
logical  step  was  to  discover  what  measures  could  be 
taken  to  alter  the  frequency  or  characteristics  of 
these  lesions* 

Rich  injected  a  group  of  animals  with  lOcc./Kg. 
of  horse  serum.  '  Half  of  the  animals  received 
large  doses  of  adreno-corticotrophie  hormone  daily. 

The  remaining  half  of  the  group  were  kept  as  controls. 
Both  groups  of  animals  developed  an  equal  amount  of 
sensitivity  to  O.lcc.  of  horse  serum  intracutaneous- 
ly.  While  the  ACTH  treated  animals  developed  slight¬ 
ly  lower  precipitin  titers  than  the  controls,  these 
were  not  significantly  lov^er.  In  the  untreated 
animals,  the  height  of  the  titer  did  not  correlate 
with  the  severity  of  the  lesions.  All  of  the  animals 
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v/er e  sacrificed  between  the  fifteenth  and  the 
eighteenth  day. 

Ninety  per  cent  of  the  untreated  animals 
developed  cardiac  or  vascular  lesions.  Twenty-five 
per  cent  of  the  treated  animals  developed  cardiac 
or  vascular  lesions. 

In  another  series  Rich  used  the  same  method  of 
producing  hypersensitivity,  but  in  this  case  the 
adjuvant  was  cortisone. Half  of  the  rabbits  re¬ 
ceived  cortisone  and  horse  serum,  and  the  other  half 
received  horse  serum  alone. 

In  this  group  Q$%  of  the  controls  developed 
cardiovascular  lesions  and  20%  of  the  cortisone 
treated  animals  developed  cardiovascular  lesions. 

In  summing  up  his  results  Rich  reported  that 
5l  of  59  animals  treated  with  horse  serum  alone  de¬ 
veloped  lesions  and  IIl  of  59  animals  treated  with 

horse  serum  plus  ACTH  or  cortisone  developed 
(7 ) 

lesions . 

ACTH  and  cortisone  have  also  been  investigated 
to  determine  their  effect  upon  allergy  in  the  guinea 
pig.  ^  The  administration  of  large  amounts  of  ACTH 
to  guinea  pigs  did  not  prevent  the  intestinal  strips 
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obtained  from  such  guinea  pigs  from  reacting  to 
histamine  in  vitro.  Neither  ACTH  nor  cortisone  pre¬ 
vented  death  from  lethal  doses  of  histamine  in  vivo 
in  guinea  pigs.  ACTH  or  cortisone  in  large  doses  did 
not  decrease  the  mortality  from  anaphylactic  shock 
in  passively  or  actively  immunized  guinea  pigs. 

Considerable  work  has  been  done  upon  the  effect 
of  sodium  salicylate  upon  the  arterial  lesions  of 
hypersensitivity.  In  one  experiment  by  Sullivan, ^9) 
a  series  of  rabbits  were  injected  with  lOcc./Kg.  of 
horse  serum,  followed  by  a  similar  dose  at  twenty- 
two  days.  All  of  the  controls  developed  arteritis 
diffusely  throughout  the  body.  None  of  the  animals 
which  had  received  0.2Gm./Kg.  of  sodium  salicylate 
subcutaneously  daily  developed  any  lesions  although 
they  did  develop  circulating  antibodies. 

These  investigators  felt  that  their  result 
was  due  to  the  fact  that  salicylate  prevents 
fixation  of  the  antigen  to  the  tissue  cells, 
possibly  by  inhibiting  the  activity  of  hyaluronidase. 
Their  explanation  of  the  modus  operandi  presupposes 
that  fixation  of  antigen  to  the  tissue  is  necessary 
before  an  anti gen- antibody  reaction  can  occur  which 
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will  lead  to  arteritis* 

Smull,  Wessler,  and  Wat  son  ^  found  that 

salicylates  inhibited  the  production  of  endocardial 
lesions  in  hyper sensitized  rabbits.  Prom  the  afor- 
mentioned  it  would  seem  that  sodium  salicylate 
reduces  the  incidence  of  arterial  lesions  in  hyper- 
sensitized  animals. 

There  has  also  been  some  work  done  concerning 
the  effects  of  salicylates  upon  antibody  production 
and  antigen- antibody  reaction.  Swift  found  that 

salicylates  impeded  antibody  formation  in  immunized 
rabbits  and  humans.  On  the  other  hand,  Sherer^-^ 
found  that  salicylates  did  not  depress  the  production 
of  Rh  antibodies  in  rabbits.  Jager  and  Nickerson^^ ) 
found  that  massive  salicylate  administration  re¬ 
duced  the  local  and  systemic  reaction  and  the  anti¬ 
body  formation  in  humans  to  whom  typhoid  vaccine 
had  been  administered.  Hagebush  and  Kinsella^^ 
found  that  salicylates  reduced  the  dermal  mani¬ 
festation  of  hypersensitivity  in  rabbits  sensitized 
to  streptococcal  organisms.  Coburn  and  Kapp^^ 
noted  that  sodium  salicylate  in  large  concentrations 
in  vitro  inhibited  the  combination  of  antigen  with 
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antibodies. 

Thus  to  summarize,  it  appears  that  salicylates 
depress  the  general  and  local  reactions  in  hyper- 
sensitized  animals 3  depress  in  vitro  antigen- antibody 
combination,  and  has  a  variable  effect  on  antibody 
production* 

Antihistaminics  have  also  been  investigated  in 
regard  to  their  effect  upon  the  arterial  lesions  of 
hypersensitivity.  Kyser,  McCarter,  and  Stengle^^ 
sensitized  rabbits  by  the  method  of  Rich  and  found 
that  both  benadryl,  and  an  antihistaminie  called 
1627 (G.  D.  Searle  &  Co*,  Chicago,  Ill.)  reduced  the 
incidence  of  myocardial  lesions.  Bukantz  and 
Dammin^^  observed  that  treatment  with  neohetramine 
and  benadryl  had  no  effect  upon  the  incidence  of 
arterial  lesions  in  sensitized  rabbits.  So,  at  best 
the  effect  of  antihistaminics  upon  the  lesions  of 
sensitivity  is  controversial. 

The  Caveltis^***^  attempted  to  alter  the 
arterial  lesions  of  hypersensitized  rabbits  by 
treating  the  rabbits  with  killed  group  A  strepto¬ 
cocci  and  perfused  rabbit  kidney.  The  lesions  ob¬ 
served  were  unimpressive,  only  one  in  a  large 
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series  of  animals  developing  a  severe  acute  nephritis. 

Ehrlich  and  Forman observed  that  dicumarol 
had  no  effect  upon  the  arterial  lesions  in  hyper- 
sensitized  rabbits.  On  the  other  hand  they  found  that 
colchicine  exerted  a  strongly  inhibitory  effect  upon 
the  production  of  antibody  and  the  development  of 
arterial  lesions  in  the  sensitized  rabbits. 

Bukantz  and  Dammin^^)  noted  that  nitrogen 
mustard  administered  to  rabbits  sensitized  with  horse 
serum  inhibited  antibody  formation  and  completely 
prevented  the  production  of  arterial  lesions. 

It  has  been  known  for  a  long  time  that  scurvy 
is  a  disease  resulting  from  a  deficiency  in  ascorbic 
acid.  Furthermore,  the  lesions  of  scurvy  involve 
dentine,  skeletal  muscle,  heart,  blood  vessels,  bone 
marrow  and  joints.  There  is  produced  a  hyperemia  and 
weakness  of  the  blood  vessel  walls  throughout  the  body. 
This  weakness  is  due  to  a  defective  formation  and 
maintainence  of  collagen.  Thus  ascorbic  acid 

is  essential  for  the  formation  and  maintainence  of 
collagen.  Since  one  of  the  widely  accepted  features 
in  the  arterial  lesions  of  hypersensitivity  is  damage 
to  collagen,  it  was  felt  that  it  would  be  worth 
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while  to  investigate  the  effect  of  ascorbic  acid 
upon  the  lesions  of  hypersensitivity  in  rabbits. 

Rhinehart ^ )  has  been  interested  in  the 
relationship  of  scurvy  to  rheumatic  fever.  He  feels 
that  rheumatic  fever  is  due  to  hypersensitivity  plus 
the  added  factor  of  subclinical  or  clinical  scurvy. 
He  took  three  groups  of  guinea  pigs  and  treated  one 
group  with  a  scorbutic  diet,  infected  one  group 
with  hemolytic  streptococci,  and  treated  the  third 
group  with  a  scorbutic  diet  plus  infection  with 
hemolytic  streptococci.  The  group  that  was  treated 
with  scorbutic  diet  plus  infection  showed  the 
most  striking  joint  changes  and  in  addition  one 
animal  developed  subcutaneous  nodules  overlying  the 
fibula,  a  proliferative  lesion  on  the  mitral  valve, 
and  a  pericardial  proliferative  reaction. 

Rhinehart  feels  that  a  vitamin  C  deficiency 
may  be  an  important  predisposing  cause  of  rheumatic 
fever  because  of  the  af ormentioned  experimental  data 
rheumatic  fever  is  15  to  20  times  more  common  among 
the  poor  where  scurvy  is  also  most  common;  rheumatic 
fever  occurs  at  the  age  of  7  to  10,  and  at  5  to  lip 
children  require  2  times  the  vitamin  C  intake  per 
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kilogram  of  adults  to  prevent  scurvy;  rheumatic 
fever  reaches  its  peak  in  the  spring,  and  April 
is  the  period  in  which  scurvy  is  most  often  detected 
after  a  winter  of  low  vitamin  G  food;  rheumatic  fever 
is  of  low  incidence  in  the  tropics  where  the  food  is 
rich  in  vitamin  C. 

Vitamin  C  has  been  studied  in  regard  to  its 
effect  on  anaphylactic  shock,  Hockwald^*^  found 
that  18  out  of  20  sensitized  guinea  pigs  died  of 
anaphylactic  shock  when  treated  with  antigen*  If 
he  first  administered  ascorbic  acid  to  the  animals, 
and  then  treated  them  with  antigen,  only  9  out  of 
29  animals  died.  Soule  and  Gehring observed 
that  large  doses  of  ascorbic  acid  could  not  prevent 
the  occurrence  of  anaphylactic  shock  in  sensitized 
guinea  pigs* 

In  view  of  some  of  the  above  and  other  evidence 
ascorbic  acid  has  been  used  in  the  therapy  of  rheumatic 
fever  with  variable  success.  In  one  report  ascorbic 
acid  was  given  in  doses  of  k-  grams  daily  by  mouth 
to  7  patients  with  rheumatic  fever.  All  of  these 

(2k.) 


patients  were  said  to  have  benefited  by  this  therapy. 
Some  interesting  work  has  been  done  on  the 
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relationship  of  desoxycorticosterone,  cortisone,  and 
vitamin  C  to  the  genesis  of  the  mesenchymal  lesions 
of  scurvy, ^5)  in  this  experiment  a  large  number  of 
guinea  pigs  were  placed  on  a  scurvy  producing  diet, 
and  of  these  animals  some  were  treated  with  des- 
oxycorticosterone  and  some  were  treated  with  cortisone. 
The  desoxycorticosterone  aggravated  the  joint  lesions, 
while  the  cortisone  ameliorated  the  joint  lesions.  This 
experiment  suggests  that  perhaps  scurvy  is  a  disease 
which  is  due  to  adrenal  cortical  insufficiency 
basically  and  perhaps  the  adrenal  cortical  in¬ 
sufficiency  is  in  turn  due  to  the  deficiency  in 
ascorbic  acid. 

It  is  known  that  adrenal  cortical  hormones 
are  effective  in  decreasing  the  incidence  of  the 
experimental  lesions  of  hypersensitivity : 

Might  not  ascorbic  acid,  working  indirectly  via  the 
adrenal  cortex  also  have  this  effect? 

Selye^^  found  correlations  between  adreno¬ 
cortical  hormone  output  and  blood  levels  of  ascorbic 
acid.  The  ascorbic  acid  level  of  the  blood  follows 
a  three  phase  alteration  when  an  animal  is  stressed 
and  undergoes  the  general  alarm  syndrome.  At  first 
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blood  ascorbic  acid  level  decreases,  then  it  in¬ 
creases,  and  finally  it  goes  below  normal. 
Hypophysectomy  causes  a  reduction  in  the  plasma 
level  of  ascorbic  acid  in  rats,  and  the  administration 
of  adrenocorticotrophic  hormone  to  these  animals 
restores  the  plasma  level  of  ascorbic  acid  to  nor¬ 
mal.  Furthermore,  if  one  administers  ascorbic  acid 
to  rats  which  are  stressed  by  being  placed  in  a  cold 
enviornment  their  survival  time  is  increased.  All 
of  this  evidence  points  toward  an  intimate  tie-up 
between  ascorbic  acid  and  the  adrenal  cortex. 

It  is  known  that  in  clinical  rheumatic  fever 
there  is  an  increase  in  the  hyaluronidase  level  of 
the  blood  as  measured  by  the  presence  of  anti- 
hyaluronidase  in  the  serumj2^  It  has  not  been 
proven  yet  whether  this  increase  in  hyaluronidase 
level  of  the  blood  plays  a  significant  hand  in  the 
formation  of  the  typical  lesions  of  rheumatic  fever. 

In  any  event,  Reppert,  Donegan,  and  Hines (2.Q) 
made  an  attempt  to  evaluate  the  relationship  of 
ascorbic  acid  to  hyaluronidase.  They  found  that  local 
injection  of  vitamin  C  into  the  skin  reduced  the 
spreading  effect  of  locally  injected  hyaluronidase. 
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Also,  they  found  that  intravenously  injected 
vitamin  C  had  that  same  effect  of  inhibiting  the 
action  of  hyaluronidase. 

To  summate  then  there  are  several  factors  that 
indicate  that  ascorbic  acid  might  have  some  effect 
upon  the  experimental  lesions  of  hypersensitivity 
and  they  are: 

1*  Scurvy,  a  disease  caused  by  vitamin  C 
deficiency,  is  a  disease  of  mesenchyme,  and  the  lesions 
of  hypersensitivity  involve  primarily  mesenchymal 
structures. 

2.  There  are  some  reports  that  vitamin  C 
ameliorates  the  effects  of  anaphylactic  shock  in 
animals. 

3.  There  is  some  experimental  and  clinical 
evidence  to  support  the  conjecture  that  rheumatic 
fever  may  be  an  hypersensitivity  disease  occurring 
in  people  with  latent  scurvy. 

It.  Vitamin  C  is  in  some,  at  present,  unknown 
way  closely  tied  up  with  the  adrenal  cortex  and  its 
hormone  or  hormones,  and  the  adrenocortical  hormones 
are  known  to  reduce  the  incidence  of  hypersensitivity 
lesions  markedly. 
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5,  Vitamin  C  ha.s  reportedly  been  used  very 
successfully  in  the  treatment  of  rheumatic  fever, 

6.  Vitamin  G  inhibits  the  action  of  hyaluronidase. 
Pursuant  to  the  relationship  between  vitamin  G 

and  hypersensitivity  lesions,  Pirani  et  al^9)  did 
a  significant  experiment.  He  made  a  large  number  of 
guinea  pigs  scorbutic  and  then  injected  them  with 
large  and  repeated  doses  of  horse  serum.  He  found 
that  the  lesions  observed  were  in  no  way  different, 
either  in  appearance  or  frequency,  from  the  lesions 
of  hypersensitivity  in  normal  guinea  pigs. 

While  working  with  the  infect ivity  of  different 
strains  of  vaccine  virus  in  1929,  Duran-Reynals, (30) 
found  that  vaccinal  infection  of  the  rabbit  was 
considerably  enhanced  when  the  virus  was  injected 
into  the  skin  along  with  an  aqueous  extract  of 
rabbit,  guinea  pig,  or  rat  testicle.  The  mode  of 
operation  of  the  testicle  extract  was  unknown,  but 
in  1930  Duran-Reynals  and  Hoffman ( 31 3 32)  reported 
on  the  ability  of  testicular  extract  to  increase 
tissue  permeability.  They  injected  india  ink  with 
testicular  extract,  and  india  ink  with  Ringer’s 
solution  and  got  much  greater  spread  with  the 
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test  icular  extract.  This  substance  was  then  known 
as  "spreading  factor". 

In  1939*  by  comparing  the  activity  and 
properties  of  substances  rich  in  "spreading  factor" 
with  that  of  hyaluronidase,  Chain  and  Duthie^33>3iO 
showed  that  "spreading  factor"  was  identical  with  the 
enzyme  hyaluronidase. 

It  was  naturally  of  interest  to  discover  the 
site  of  action  of  "spreading  factor"  or  hyaluronidase. 
Bensley^S)  had  investigated  the  nature  of  the 
intercellular  ground  substance  in  loose  connective 
tissue.  She  found  the  distribution  and  characteristics 
of  ground  substance  to  be  identical  in  umbilical 
cord,  intima  and  media  of  blood  vessels,  reticular 
tissue  and  embryonic  tissue.  Since  that  time  it  has 
been  found  that  ground  substance  is  rich  in 
hyaluronic  acid  and  hyaluronic  acid  has  been  ex¬ 
tracted  from  synovial  fluid,  rabbit  skin,  and 
rabbit  fascia. (36,37*3$) 

Thus  the  action  of  hyaluronidase  in  increasing 
the  permeability  of  tissues  is  duo  to  its  hydrolytic 
action  upon  hyaluronic  acid  which  is  a  major 
constituent  of  the  ground  substance.  This  hyaluronic 


. 

. 

* 

, 

. 

- 


. 

. 


-17- 


acid  is  also  an  important  constituent  of  blood 
vessels,  and  as  such,  its  metabolism  and  that  of 
its  related  enzyme  hyaluronidase  could  easily  be 
related  to  the  vascular  lesions  seen  in  experimental 
hypersensitivity  and  clinical  rheumatic  fever* 

There  is  further  evidence  that  the  hyaluronic 
acid-hyaluronidase  system  is  of  importance  in 
rheumatic  fever.  For  in  the  active  stages  of  this 
illness,  the  ant ihy a lur on ida s e  titer  is  markedly 
elevated  indicating  a  rise  in  the  hyaluronidase 
level  of  the  blood. 

It  is  also  a  known  clinical  fact  that  very 
often  preceding  an  attack  of  rheumatic  fever  there 
is  an  hemolytic  streptococcal  infection.  Crowley ^9) 
in  191}!}.  was  able  to  obtain  significant  amounts  of 
hyaluronidase  from  group  A  hemolytic  streptococci. 

As  stated  previously,  ACTH  and  cortisone 
have  been  shown  to  reduce  the  lesions  of  hyper¬ 
sensitivity.  J  It  has  also  been  shown  that 
adrenocortical  activity  depresses  the  ability  of 
hyaluronidase  to  increase  tissue  permeability. 

Shuman  and  Finestone^^  stimulated  the  adrenal 
cortex  with  epinephrine  (acting  presumably  via  the 
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pituitary  gland)  and  then  injected  these  animals 
with  hyaluronidase  plus  fluorescein  intracutaneously, 
the  fluorescein  acting  merely  as  an  indicator  of 
the  extent  of  spread.  They  found  that  the  spread 
in  the  epinephrine  treated  animals  was  markedly 
lower  than  the  spread  in  the  untreated  controls. 
Dorfman  and  Moses (4-1)  found  that  following  the 
administration  of  ACTH  to  patients  with  rheumatic 
fever  there  is  a  marked  decline  of  hyaluronidase 
inhibitor  in  the  blood.  Following  cessation  of 
therapy  the  hyaluronidase  inhibitor  concentration 
increases . 

Thus  the  adrenal  cortical  hormone  reduces 
the  activity  of  hyaluronidase  on  the  one  hand 
while  on  the  other  it  decreases  the  incidence  of 
lesions  in  experimental  hypersensitivity  and  also 
decreases  the  clinical  manifestations  of  rheumatic 
fever. 

To  summarize,  the  relationship  of  hyaluronidase 
to  the  experimental  lesions  of  hypersensitivity  is 
of  interest  because:  Hyaluronic  acid  is  an  important 
constituent  of  ground  substance  which  is  in  turn 
an  important  structural  component  of  blood  vessels 
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and  collagen;  anti-hyaluronidase  and  hyaluronidase 
are  known  to  Increase  in  clinical  rheumatic  fever; 
hemolytic  streptococci  which  are  intimately  involved 
in  rheumatic  fever  are  potent  sources  of 
hyaluronidase;  the  action  of  hyaluronidase  is  in¬ 
hibited  by  adrenocortical  hormones  which  also  de¬ 
crease  the  incidence  of  the  lesions  of  hyper¬ 
sensitivity. 
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.fixperimental 

The  purpose  of  the  first  portion  of  the 
experiment  was  to  determine  the  effect  of  the  ad¬ 
ministration  of  ascorbic  acid  upon  the  lesions  of 
hypersensitivity. 

White  albino  rabbits  of  both  sexes  weighing 
between  2.2  and  3*6  kilograms  were  used. 

It  was  felt  that  the  most  reliable  way  to 
produce  a  high  blood  level  of  ascorbic  acid  would 
be  to  inject  the  substance  intravenously  daily. 
Furthermore  it  was  felt  desirable  to  know  the 
actual  blood  level  of  ascorbic  acid.  The  method  of 
determining  ascorbic  acid  level  of  blood  was  that  of 
Roe  and  Kruther.^^  This  method  is  a  colorimetric 
technique.  Five  cubic  centimeters  of  blood  is  di¬ 
luted  with  trichloracetic  acid,  centrifuged,  and  then 
norite,  a  purified  charcoal  preparation  is  added. 
Norite  clarifies  the  solution  and  oxidizes  the 
ascorbic  acid  to  dehydroascorbic  acid.  The  sus¬ 
pension  is  then  filtered,  one  drop  of  thiourea 
solution  is  added  to  stabilize  the  dehydroascorbic 
acid,  and  then  2— 14.  dinitro-phenyl-hydrazine  is 
added.  This  chemical  combines  with  the  dehydro- 
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ascorbic  acid  to  form  a  colored  soluble  complex 
which  can  be  measured  in  the  colorimeter  by  com¬ 
parisons  with  previously  made  known  standards. 

In  a  previous  study  on  rabbits  the  normal 
blood  level  of  ascorbic  acid  was  found  to  be  O.92 
to  1.38mgms#  per  lOOcc.  pn  Cur  experiment, 

using  the  above  outlined  method  of  ascorbic  acid 
determination,  the  average  blood  level  of  ascorbic 
acid  in  the  normal  rabbit  was  1.17mgms.  per  lOOcc. 
which  agrees  closely  with  the  value  found  by  pre¬ 
vious  investigators. 

The  next  step  was  to  determine  the  ascorbic 
acid  level  in  the  blood  following  the  injection  of 
ascorbic  acid.  For  this  purpose  three  rabbits  were 
injected  with  1  gram  of  ascorbic  acid  intravenous¬ 
ly  and  the  blood  ascorbic  acid  level  was  determined 
at  5  hours  and  at  21}.  hours.  The  5  hour  level  was 
10.3  mgms.  per  lOOcc.  and  the  2 Ip  hour  level  was 
1.52  mgms.  per  lOOcc.  Thus  it  was  felt  that  a 
daily  injection  of  1  gram  of  ascorbic  acid  would 
maintain  a  high  enough  blood  level  to  be  effective. 

It  was  found  that  ascorbic  acid  had  so  low  a 
pH  in  10  per  cent  solution  that  it  soon  sclerosed 


. 

► 

. 

.  . 

- 

■ 

. 


-22- 


the  rabbits5  ear  vein.  This  was  overcome  by  sub¬ 
stituting  sodium  ascorbate  for  ascorbic  acid. 

Thus  10  rabbits  received  lOcc.  of  horse  serum 
per  kilogram  intravenously  and  then  received  1  gram 
of  sodium  ascorbate  daily  intravenously  for  ll].  days. 
On  the  fifteenth  day  all  of  the  animals  were 
sacrificed  by  the  injection  of  intravenous  nem¬ 
butal.  At  autopsy  there  were  no  gross  abnormalities 
visible.  The  heart,  lung,  kidney,  liver,  adrenal, 
stomach  and  aorta  were  examined  microscopically# 

The  following  was  observed: 
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Of  this  group  of  ten  animals,  two  of  the 
animals  were  completely  free  of  any  microscopic 
evidence  of  disease  of  the  blood  vessels*  The  other 
eight  animals  showed  definite  evidence  of  damage 
to  the  cardiovascular  system  in  the  form  of 
periarteritis  of  the  blood  vessels  of  the  heart, 
endothelial  cell  proliferation  of  the  valves  of 
the  heart,  intimal  proliferation  of  the  pulmonary 
artery  or  periarteritis  of  the  lung*  Each  of  the 
eight  diseased  animals  showed  at  least  one  of  these 
lesions  and  some  showed  combinations  of  two  or 
three • 

Another  striking  feature  of  the  experiment 
was  the  great  variability  in  the  localization  of 
the  lesions  in  different  animals,  and  the  variability 
of  the  severity  of  the  lesions  in  different  animals 
despite  the  fact  that  all  of  these  animals  re¬ 
ceived  identical  treatment. 

The  second  portion  of  the  experiment  involved 
the  effects  of  hyaluronidase  upon  the  experimental 
lesions  of  hypersensitivity.  The  hyaluronidase 
used  was  a  commercial  preparation  called  Alidase, 
produced  by  the  G.  D.  Searle  Co.,  Chicago,  Ill. 
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Six  albino  rabbits,  male  and  female,  weighing 
between  2.5  and  3*6  kilograms  were  used.  They  were 
injected  with  lOcc.  of  horse  serum  per  kilogram, 
intravenously  and  then  for  lif  days  were  injected 
intravenously  daily  with  one  vial  of  alidase 
containing  500  viscosity  units.  On  the  fifteenth 
day  they  were  sacrificed  by  intravenous  injection 
of  nembutal.  No  abnormalities  were  seen  grossly.  The 
heart,  lung,  kidney,  liver,  adrenal,  stomach,  aorta, 
and  gall  bladder  were  examined  microscopically, 
and  the  following  was  observed: 
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Of  the  six  animals,  one  showed  no  evidence 
of  any  lesions  of  the  cardiovascular  system.  The 
other  five  showed  endothelial  proliferation  of  the 
valves  of  the  heart,  periarteritis  of  the  blood 
vessels  of  the  heart  or  periarteritis  of  the 
blood  vessels  of  the  lung.  All  of  the  animals  had 
at  least  one  of  these  lesions  and  one  of  these  five 
showed  a  combination  of  two  of  these  lesions. 

One  of  the  animals  showed  severe  periarteritis  of 
the  blood  vessels  of  the  stomach. 

The  lesions  were  in  no  way  different  from  any 
of  the  other  lesions  produced  by  experimental  hyper¬ 
sensitivity.  Here  again  the  severity  and  localization 
of  the  lesions  varied  markedly  from  animal  to 
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Dis cuss ion 

The  results  of  the  first  portion  of  this  ex¬ 
periment  are  interesting  in  view  of  the  negative 
light  that  it  sheds  upon  the  problem  of  experimental 
hypersensitivity,  rheumatic  fever  and  ascorbic  acid* 
There  have  been  many  devotees  of  the  theory  that 
ascorbic  acid  prevents  anaphylactic  shock  in  animals* 
In  this  experiment,  ascorbic  acid  had  no  effect  on 
the  morphological  evidence  of  hyper sensitivity, 
although  ascorbic  acid  still  may  have  some  effect 
upon  the  anaphylactic  effects  of  hypersensitivity. 

Rhinehart  felt  that  rheumatic  fever  was  an 
hypersensitivity  disease  occurring  in  people  with 
latent  scurvy,  and  he  was  one  of  the  earliest 
advocates  of  ascorbic  acid  therapy  for  rheumatic 
fever.  However,  in  this  experiment  the  administration 
of  huge  doses  of  ascorbic  acid  equivalent  to  25 
grams  daily  in  humans  did  not  have  any  effect  upon 
the  appearance  of  the  typical  lesions  of  hyper¬ 
sensitivity.  In  all  fairness  one  must  admit  that 
the  artificial  disease  of  hypersensitivity  is  by 
no  means  identical  with  rheumatic  fever,  and  perhaps 
rheumatic  fever  does  respond  to  ascorbic  acid  while 
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experimental  hypersensitivity  does  not. 

It  is  known  that  the  adrenocortical  hormones 
ameliorate  the  lesions  of  hypersensitivity.  It  is 
also  known  that  in  some  way  ascorbic  acid  is  re¬ 
lated  to  the  functioning  of  the  adrenal  cortex. 
Selye’s  work^^  suggests  that  ascorbic  acid  might 
stimulate  the  adrenal  cortex  to  produce  adreno¬ 
cortical  hormone  or  that  ascorbic  acid  might  be 
essential  in  the  production  of  adrenocortical 
hormone.  However  this  is  not  at  all  born  out  by 
this  experiment  and  apparently  the  metabolic  link 
between  ascorbic  acid  and  adrenocortical  hormones 
will  have  to  be  elucidated  by  other  investigative 
procedures. 

In  the  second  portion  of  the  experiment  the 
question  that  was  posed  was:  Does  a  combination 
of  an  hypersensitivity  state  plus  a  prolonged 
increase  in  the  blood  level  of  hyaluronidase  pro¬ 
duce  cardiovascular  lesions  resembling  those  of 
rheumatic  fever?  The  facts  that  hemolytic  strepto¬ 
cocci  are  potent  sources  of  hyaluronidase  and  that 
ant i -hyaluronidase  increases  in  clinical  rheumatic 
fever  makes  one  think  that  hyaluronidase  does 
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play  a  part  in  rheumatic  fever.  In  addition  AGTH 
both  ameliorates  rheumatic  fever  and  decreases  the 
blood  anti-hyaluronidase  level.  However,  from  this 
experiment,  one  can  tentatively  conclude  that  an 
hypersensitivity  state  plus  prolonged  increase  of 
hyaluronidase  in  the  blood  does  not  produce  lesions 
resembling  those  of  rheumatic  fever.  The  lesions 
observed  in  the  animals  involved  in  this  experiment 
were  exactly  similar  in  both  incidence  and 
morphological  characteristics  to  those  observed  in 
animals  treated  with  horse  serum  alone. 

Thus  it  is  quite  probable  that  to  produce 
the  lesions  of  rheumatic  fever  one  needs  either 
additional  factors  beside  increased  blood 
hyaluronidase  level  and  an  allergic  reaction  or 
else  the  increased  blood  level  of  hyaluronidase  in 
rheumatic  fever  has  nothing  to  do  with  the  lesions 
of  the  disease  and  is  merely  an  incidental  finding 
which  is  useful  as  a  diagnostic  tool.  This  latter 
conclusion  seems  less  tenable  than  the  former. 
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Conclusions 

1*  There  is  no  difference  between  the 
morphological  characteristics  or  incidence  of  the 
lesions  produced  by  the  injection  of  horse  serum  in 
rabbits  and  those  produced  by  the  injection  of 
horse  serum  plus  large  amounts  of  ascorbic  acid, 

2.  There  is  no  difference  between  the 
morphological  characteristics  or  incidence  of  the 
lesions  produced  by  the  injection  of  horse  serum 
in  rabbits  and  those  produced  by  the  injection  of 
horse  serum  plus  hyaluronidase . 

3.  Following  the  injection  of  horse  serum 
plus  ascorbic  acid  or  hyaluronidase  in  rabbits 
there  is  evidence  of  periarteritis  nodosa  and 
endocardial  proliferation  of  the  valves  of  the  heart, 
but  no  Aschoff-like  bodies  or  muscle  necrosis  in  the 
heart  muscle  is  observed. 

Ip.  There  is  marked  lack  of  uniformity  in  the 
organs  which  are  attacked  in  any  one  animal  and  in 
the  severity  of  attack  in  any  animal  in  a  group  of 
similarly  treated  animals. 
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